Purpose Infertility is a frequent consequence of cancer therapy and is often associated with psychological distress. Although adult survivors prioritize fertility and parenthood, this issue remains unexplored among adolescent males. This study examined future fertility as a priority (relative to other life goals) at time of diagnosis for at-risk adolescents and their parents. Methods Newly diagnosed adolescent males (n = 96; age=13.0-21.9 years) at increased risk for infertility secondary to cancer treatment prioritized eight life goals: to have school/work success, children, friends, wealth, health, a nice home, faith, and a romantic relationship. Patients' parents (fathers, n=30; mothers, n=61) rank-ordered the same priorities for their children. Results "Having children" was ranked as a "top 3" life goal among 43.8 % of adolescents, 36.7 % of fathers, and 21.3 % of mothers. Fertility ranked third among adolescents, fourth among fathers, and fifth among mothers. Future health was ranked the top priority across groups, distinct from all other goals (ps<0.001), and fertility ranked higher than home ownership and wealth for all groups (ps<0.001). For adolescents, low/moderate fertility risk perception was associated with higher fertility rankings than no/high risk perceptions (p=0.01). Conclusions Good health is the most important life goal among adolescents newly diagnosed with cancer and their parents. In this relatively small sample, adolescents prioritized fertility as a top goal, parents also rated fertility as being more important than home ownership and financial wealth. Health care providers should communicate fertility risk and preservation options at diagnosis and facilitate timely discussion among families, who may differ in prioritization of future fertility.
Introduction
Infertility is a recognized late effect of childhood cancer therapy, affecting between 15 and 48 % of male survivors [1, 2] . Loss of fertility is associated with psychological distress, particularly among patients who are childless at diagnosis [3] [4] [5] [6] . Currently, the majority of adolescent cancer patients are living into adulthood secondary to advancements in therapy, with approximately 80 % surviving five or more years posttreatment completion [7] [8] [9] . Adults diagnosed with cancer value fertility and parenthood [5, 6] , with some patients choosing less effective treatments in efforts to decrease infertility risk [10] . Most adolescent females with cancer desire future motherhood [11] and rank having children as a prioritized life goal relative to financial success, home ownership, or traveling [12] . However, prioritization of future parenthood has not been investigated among adolescent males newly diagnosed with cancer.
Adolescents diagnosed with cancer, as well as their parents, share a concern for future fertility posttreatment [13] . Health care providers report that some parents encourage their sons to cryopreserve (or "bank") sperm so that the option of biological parenthood is maintained, along with their own desires of having grandchildren in the future [14] . Parental wishes can be exceptionally influential relative to procreation. In fact, it is fairly typical for parents and sons to make fertility preservation decisions collaboratively, with 58.3 % of adolescent cancer patients and 79.5 % of parents reporting the decision to bank (or not bank) sperm was made conjointly [15] . The role of parents also extends to logistical and practical issues associated with fertility preservation, including paying for sperm banking, communicating with their son's oncologist/ medical team regarding preservation coordination and outcome, and arranging transportation to and from the sperm banking clinic [16] . Therefore, the current study examines both adolescent and parent priority for patients' future fertility.
At diagnosis, males with adult-onset cancers have reported primary concerns associated with adjustment to disease and treatment, survival, and maintaining normalcy [14] . Health care providers may not perceive fertility to be a priority for these patients at this initial point in the disease process; however, when queried, 77 % of childless males at diagnosis desire children, and prefer biological children when possible [6, 17] . Furthermore, male survivors (16-44 years of age) report their cancer experience increased their desire for fatherhood and strengthened the value placed on family, parenting, and the joy of having/raising children [17] . Over 80 % of these survivors report their cancer experience enhanced their skills as parents, noting cancer taught them how to persevere through life's challenges [5] . Similarly, long-term survivors of childhood cancer also report a desire for children as well [18] . Yet at the time of diagnosis, adolescents and their parents often feel overwhelmed and may have difficulty conceptualizing issues such as parenthood or grandparenting [13, 19] . However, adolescents diagnosed with cancer remain distressed about the adverse effects that cancer treatment may have on fertility, even when treatment poses no increased risk for infertility [12] .
Psychologically speaking, compromised fertility is associated with increased distress and impaired quality of life [6, 20, 21] . Among adult survivors and female survivors of childhood cancer, infertility is associated with unresolved grief, life dissatisfaction, depression, anxiety, and other undesirable quality of life outcomes [18, [21] [22] [23] [24] . Qualitative retrospective reports from adolescent survivors indicate frustration, anger, and regret due to unawareness of their fertility status, lack of discussion about preservation options prior to treatment, and lack of control regarding their fertility outcome [19, 25] .
Based on these insights, it is not surprising that sperm banking has been associated with lower anxiety at diagnosis and increased psychological health posttreatment among both adolescent and adult survivors [26, 27] . Over 88 % of adolescents and their parents report feeling either neutral or comfortable with the sperm banking process when surveyed afterwards, and 100 % of parents and patients who attempted to bank sperm felt they had made the right decision, regardless of whether the attempt was successful or not [15] . Furthermore, the majority of adult patients who banked sperm also indicated they would recommend the procedure to others [27] .
Despite the known adverse effects of specific cancer treatments on fertility, only 18 to 26 % of at-risk adolescent males cryopreserve their sperm prior to treatment in the USA and Canada [28, 29] . Sperm cryopreservation has been utilized to preserve men's fertility prior to damaging cancer treatment for over 50 years and is now accepted as the standard of care. The American Society of Clinical Oncology (ASCO) guidelines recommend providers discuss options for fertility preservation among those of reproductive age [30] ; however, it is unclear why sperm banking is underutilized in light of the high priority that survivors of childhood cancer place on fertility and the high psychological distress associated with fertility loss. Finally, it has been demonstrated that desire for future children and prioritizing future fatherhood is associated with increased rates of sperm cryopreservation [6, 14] .
Much remains unknown regarding how adolescent males prioritize fertility and whether parents prioritize fertility similarly for their sons. Therefore, the aim of the current study is to investigate the priority that adolescent males and their parents place on future fertility relative to other life goals at time of cancer diagnosis. The study also considers correlates of ranking fertility as a "top" life goal and describes these differences between adolescents and their parents.
Methods

Participants
Adolescent males newly diagnosed with cancer were consecutively recruited from nine collaborating institutions across the USA and Canada. Eligible participants were: (1) newly diagnosed with a first malignancy, (2) between 13.0 and 21.9 years of age, (3) at increased risk for infertility based on cancer treatment (per oncologist's rating), (4) at Tanner Stage III or higher, (5) English or Spanish speaking, and (6) cognitively intact. Parents of assenting/consenting adolescents were also recruited for participation. Among adolescents eligible for the study, 86 % participated. Of the 247 completed questionnaires, 75.7 % (n=187) correctly completed the life priorities ranking scale and were included in the analyses. Of the 33 parents (26.4 % of total parents) and 23 adolescents (19.3 % of total adolescents) who did not correctly complete this scale, the most common error (n=29) was ranking each of the life goals in a Likert-type fashion (1=Extremely Important to 8=Extremely Unimportant, for example) as opposed to utilizing ranking as was directed. Other errors made included leaving the scale blank (n=16) or not completing the scale in its entirety (n=7). Follow-up comparisons of adolescent participants who did/did not correctly complete the scale revealed no significant differences in demographic variables. Of the parents who completed the scale correctly, mothers were more likely to report a higher education level and fathers were more likely to report a higher income relative to mothers/fathers who did not complete the survey correctly.
Adolescents
Adolescents (n=96) were between the ages of 13.00 and 21.99 years (M age =16.4 years, SD=2.1 years), primarily White (67.7 %), Christian (78.1 %), and had at least some relationship/dating experience in their lifetime (70.9 %). Adolescents were diagnosed predominantly with leukemia/ lymphoma (n=51, 53.1 %) or solid tumor (n=38, 39.6 %), with a minority diagnosed with brain tumor (n=7, 7.3 %). See Table 1 for adolescent sociodemographic data.
Parents
Mothers (n=61) were between the ages of 32 and 53 years (M age =44.2 years, SD=5.6 years), mostly White (77.0 %), Christian (91.8 %), and married (72.1 %). Fathers (n=30) were between the ages of 35 and 55 years (M age =46.7 years, SD = 4.9 years), and were also mostly White (70.0 %), Christian (90.0 %), and married (83.3 %). See Table 2 for sociodemographic data for both mothers and fathers.
Procedure
Research staff at participating pediatric oncology centers reviewed clinic lists daily for adolescent males newly diagnosed with cancer. Once potential participants met the initial screening criteria, attending oncologists were e-mailed and asked to assign a fertility risk estimate for their patients based on the proposed cancer therapy (0=no risk, 1=low risk, 2=moderate risk, 3=high risk). Adolescents rated by their oncologist as being at an increased risk for infertility due to cancer treatment (scores≥1) were then considered eligible for the study.
Eligible participants were approached for enrollment between days 2 and 8 of cancer therapy (between days 2-15 for patients from the Canadian site) in efforts to capture "real time" perspectives from families just after the narrow window in which sperm banking typically takes place. Regardless of their son's age, parents of enrolled adolescents were also invited to participate in this study given their influential role in the decision-making process. Consent/assent was obtained consistent with Institutional Review Board (IRB) guidelines.
Measures
Adolescents and parents who agreed to participate completed a questionnaire assessing, in part, factors associated with sperm banking outcome. Questionnaires were available in paper-and-pencil form and online in English and in Spanish. As with the Burns et al. (2006) study [12] , adolescents (rating their own life goals) and parents (rating the life goals they desired for their son) were asked to rank the following life goals in order of priority from 1 (most important) to 8 (least important), using each number only once: have children, be in good health, have a romantic relationship, do well at work or school, grow in dedication to faith, make a lot of money, own a nice home, and have a lot of close friends. Additionally, perceived fertility risk (none, low, moderate, or high), cancer diagnosis (leukemia/lymphoma, solid tumor, or brain tumor), and either dating experience for the adolescent (single and never dated, current or past dating experience, or current committed relationship) or relationship status for the parent (married, single and never married, or separated/divorced/ widowed) were also considered as possible correlates of ranking fertility as a top life priority (defined below).
Analytic plan
Chi-square tests were performed to compare the proportion of each participant group (adolescents, mothers, and fathers) that ranked fertility 1 through 3 versus 4 through 8. Therefore, any reference to a "top priority" translates to the ranking of a life goal 1 through 3. Three rank-order analyses were utilized to examine how each of the three participant groups (adolescents, mothers, and fathers) prioritized the eight life goals. Friedman tests were utilized as omnibus tests to detect if there were significant differences in the rankings of the life goals. In the event that significant differences were found, follow-up Wilcoxon Signed-Rank Tests were utilized to identify specific differences between rankings.
To determine correlates of fertility rankings for each of the three participant groups, independent-sample median tests were utilized for categorical and ordinal variables (cancer diagnosis, ethnicity, relationship/marital status, income, and perceived fertility risk), and Spearman's rho was utilized for continuous age variables.
Results
Fertility as a top priority
Nearly half of newly diagnosed adolescent males (n=42, 43.8 %), less than one quarter of mothers (n=13, 21.3 %), and just over one third of fathers (n=11, 36.7 %) reported that "having children" was a top priority for the patient's future. A chi-square test comparing the proportion of respondents in each group that ranked fertility as a top priority (1-3 vs. Fig. 1 . Follow-up Wilcoxon Signed-Rank Test for selected a priori comparisons found that having "good health" was significantly more important than all other life goals (ps<0.001). Having children was ranked significantly higher than owning a nice home (p<0.01) and financial wealth (p<0.001). Adolescents ranked work/school success as second as a life goal, and significantly higher than faith (p<0.01), close friendships (p< 0.01), and romantic relationships (p=0.04), but not significantly higher than having children.
Independent samples median tests were conducted to examine whether any demographic factors were correlated with adolescent rankings of "having children" as a life goal. Adolescents' perceived fertility risk was significantly associated with ranking fertility as a top life goal (p=0.01), with adolescents who perceived they were at no risk (n=9, Mdn=6.0) or high risk (n=4, Mdn=5.5) for infertility placing less priority on "having children" as compared to those adolescents who perceived a low (n low =41, Mdn low =3.0) or moderate (n mod =38, Mdn mod =4.5) risk of infertility. A Spearman's rho correlation revealed a trend toward significance for adolescents with increased age being related to increased rank of "having children" as a life goal (ρ=−0.17, p=0.09). Race/ethnicity, relationship status, and cancer diagnosis were not significant correlates of fertility rankings.
Mothers
Overall, mothers ranked "having children" as 5 th of 8 life goals for their sons (Mdn=5, mode=4, range=2-8), and the Friedman test of the overall rankings was significant (χ 2 = 274.49, p<0.001). See Fig. 2 . Follow-up Wilcoxon SignedRank Test for selected a priori comparisons found that their sons' having "good health" in the future was significantly more important than all other goals (ps<0.001). Having children was ranked significantly higher than home ownership and financial wealth (ps<0.001). Their sons' dedication to faith and work/school success was ranked higher than having future children among mothers (ps<0.001). Independent samples median tests and Spearman's rho correlations failed to find that maternal rank of their sons' "having children" as a life goal was significantly related to any demographic variables (i.e., race/ethnicity, marital status, maternal age, son's age, and household income), maternal perceptions of their son's infertility risk, or their son's diagnosis.
Fathers
Overall, fathers ranked "having children" as 4 th of 8 life goals for their sons (Mdn = 4, mode = 4, range = 2-8), and the Friedman test of overall rankings were significant (χ 2 = 133.20, p<0.001). See Fig. 3 . Follow-up Wilcoxon SignedRank Tests for selected a priori comparisons found that having sons in "good health" was more important than all other life goals (ps<0.001), followed by faith and school/work success. Faith was ranked higher than having children and work/school success (ps=0.04), though having work/school success did not significantly differ in rank than having children. For fathers, their sons' "having children" in the future was ranked significantly more important than home ownership and financial wealth (ps<0.001).
Independent samples median tests and Spearman's rho correlations revealed that paternal rankings of having children as a top life goal for their son was not associated with any of the considered demographic factors (i.e., race/ethnicity, marital status, maternal age, son's age, and household income), paternal perceptions of their son's infertility risk, or their son's diagnosis. 
Discussion
Nearly half of adolescents reported having children as a top life priority, which suggests that adolescent males newly diagnosed with cancer value biological fatherhood. Although similar findings have been found in the adult and female childhood cancer literature [5, 6, 12] , these data are the first to examine this prioritization among adolescent males and their families. Both adolescents and their parents rated having children as significantly more important than material goals such as financial success or owning a nice home. However, patient health was uniformly the top priority for families, with 100 % of parents and 76.0 % of adolescents placing health in their top three life goals. Physical health was ranked as being more important than any other life goal, which is not surprising, given the life-threatening nature of cancer. Outside of these findings, sons, mothers, and fathers had somewhat different priorities for top life goals.
Whereas 43 % of adolescents prioritized parenthood, only 26.4 % of parents endorsed it as a top goal for their sons. Interestingly, mothers were less likely to rank their son's future fertility as a top priority (21.3 %) compared to fathers (36.7 %). Mothers tended to emphasize the importance of faith (ranked second of eight life priorities) and school/work success (ranked third of eight life priorities) as top goals for their sons at diagnosis. Perhaps mothers are focusing on more proximal goals during this difficult time and are biased toward mechanisms that could aid in their son's cancer recovery (faith and close friendships) or daily normalcy (school/work success). In contrast, more distal, future-oriented goals (i.e., grandparenting, son's future partnerships) were ranked as being lower priorities.
In addition to prioritizing their son's overall health status, fathers also differentiate faith as a desired life goal (second of eight life priorities). For fathers, faith was more important than fertility and, to a lesser extent, valued more than school/work Letters denote significant mean rank differences, p <.05 Fig. 3 Mean rank of paternal life goals for their son within 1 week of initiating cancer therapy success as well. Interestingly, adolescent males were more likely than their parents, particularly their mothers, to rate fertility as a top priority. Of note, differences in fertility rankings were also found within the adolescent sample as well. Specifically, those adolescents who perceive themselves to be at low to moderate risk of infertility were significantly more likely to rank having children as a top priority compared to those perceiving either no or high risk. While there is no literature known to us upon which to compare this finding, it may be that adolescents who perceive no risk of infertility are not actively considering whether they want to have children in the future, as their perceived ability to father a child should remain intact. Alternately, those who perceive themselves as being at high risk of infertility may have given up hope of having children or have greater concerns regarding their prognosis. Overall, this finding suggests that perceptions of fertility risk may contribute to the prioritization of future parenting, and in turn, affect decision-making specific to fertility preservation. It is important to note that adolescent and parent perceptions of fertility risk are frequently lower than the risk assignment reported by the treating oncologist [30, 31] . As perceptions of fertility risk significantly affect banking decisions, future efforts should be focused on improving provider communication of fertility risk as a mechanism to improve familial accuracy of risk, which in turn, should increase rates of sperm banking. Almost 60 % of survivors of childhood cancer do not know whether their treatment had any effect on their fertility, and consistent with the high prioritization of parenting found among adolescents in this study, most desire fatherhood [18] . Only half of childhood cancer survivors recall their health care provider discussing fertility issues with them at diagnosis [18] , and the lack of awareness of fertility status is a cause of psychological distress for many survivors [6, 18] . Childhood cancer survivors report they do not want their fertility risk status kept from them [18] , and the majority of parents whose children survived childhood cancer report being dissatisfied with the information they received from health care providers regarding their son's fertility risk [13] . Future studies should quantify the prioritization of fatherhood as it directly relates to preservation discussions and sperm banking outcomes among newly diagnosed adolescents. The 2013 American Society of Clinical Oncology (ASCO) guidelines on fertility preservation state that if a patient is at an increased risk for infertility secondary to cancer treatment, fertility preservation discussions should occur directly with patients of "reproductive age" or with parents of children [32] . Should a relationship between prioritization of fatherhood and sperm banking be identified, this construct could then be targeted in discussions as a potential mechanism for increasing rates of banking.
As our data suggest, providers should be aware that parents and adolescents might have discrepant priorities regarding future fertility and fertility preservation. This discrepancy has previously been found among female adolescents with cancer. For example, one study found the majority of adolescent females desired future parenthood and were concerned about their fertility, whereas their mothers underestimated their daughter's worries and thought survivorship would be satisfying enough [11] . Due to these discrepancies, discussions should not only be conducted with both parent/ guardians and adolescent patients, but parents should also be aware that their son's fertility priorities may be discrepant from their own. Furthermore, these discussions need to allow for a timely referral to a fertility specialist should the patient have reproductive potential along with a desire to bank. For females, menarche provides a marker of reproductive maturation and cues providers for inclusive fertility discussions; however, reproductive maturation is less obvious among males, and the ASCO guidelines do not recommend a specific age at which fertility discussions should begin. Our results underscore the importance of future fertility and offering preservation options to qualified males as young as 13 years of age. Pediatric oncologists and other healthcare professionals should be aware that adolescent patients desire the option of having children in their future, and the best possible way to protect their fertility is to include them in discussions, thus promoting informed decision-making regarding their reproductive futures. Physician recommendation for fertility preservation is one of the most influential factors when sperm banking decisions are made [6, 33] , and choosing to bank could result in multiple favorable outcomes, from improved psychological functioning to eventual fatherhood.
In terms of timing, it is necessary that these conversations occur as a process. Discussions should begin immediately following diagnosis, ensuring all involved parties understand the provided information. The delivery and content of messages should continue to evolve throughout treatment and the survivorship continuum. Clinically speaking, discussions surrounding fertility risk should take place with health care providers regardless of the adolescent's fertility risk. Adolescents whose proposed treatment will not confer an increased risk should also be informed of their status to reduce infertility-related distress, promote safe sexual practices, and allow for appropriate family planning in the future [13] . For those at increased risk for infertility, early and tailored discussions are important so the patient and family have time to process the information, ask questions, and make decisions about sperm banking prior to the start of cancer treatment. While health care providers must consider the patient's developmental level, cognitive functioning, and emotional maturity in determining how to best facilitate these discussions, all adolescents and families should be informed of the patient's fertility risk (or lack of) and the options for preservation. Once fertility discussions have been initiated, medical teams must then be prepared to work with families to overcome potential barriers (information-based, financial, logistic, or otherwise), make appropriate referrals, and facilitate the process should the family decide to bank.
These presented results should be interpreted within the context of study limitations. It is important to note that adolescents and parents rated "having children" as a life priority, and as such, may have considered the broader construct of parenthood, as opposed to biological parenthood, in their responding. Furthermore, the scale measured priority of parenthood/fertility relative to other specific life goals, but may be less informative regarding the value of fertility across all life circumstances. Regardless, fertility is consistently given a high priority among adult cancer survivors, and discussions of fertility preservation are imperative, not only for promoting parenthood, but for decisional satisfaction in families surviving childhood cancer as well.
